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Fig. 19 S6071/2/3 airfoiJs and inviscid \'elocity distr.ibutions. 

The next perturbation included largely a change in the airfoil thickness from 9% 
to 12%. Figure 24 shows the two bounding airfoils S6074/6 and their corresponding 
velocity distributions. Again the differences appear minor; however, as seen in 
Fig. 25 the trends are similar to the prior series, aJbeit with there being higher 
drag owing to the higher airfoil thickness. XFOll.. predictions indicated similar 
increase in drag. 

The wind runnel tests of the S6074/5/6 airfoiJs reveaJed an undesirabJe feature 
of the series- stall hysteresis as shown Fig. 26, which was aJso found on airfoiJ 
S6071 . Such hysteresis cannot be predicted by any method currently available. 
This type of hysteresis, however, has been found on other airfoils. As described in 
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Fig. 21 XFOIL predictions for the S6071/1J3 airfoiJs. 

Ref. 13, when the inviscid velocity distribution on the forward upper surface tends 
toward a concave shape, staJI hy teresis of the type found here can be reduced. 
Unfortunately, no computationaJ tool exists to quantify this effect, and the degree 
to which the pressure distribution (or velocity distribution) should tend in the 
concave direction has not been quantified. Nevertheless, the chief aim of the finaJ 
series was to eliminate this hysteresis. 

Figure 27 shows the two bounding airfoils S6077/9 designed to avoid staiJ 
hysteresis while satisfying the other constraints. A secondary purpose of this finaJ 
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Fig. 22 Measured drag polars for the S6071/1J3 airfoils. 
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Fig. 23 Measured lift cones for tbe S607113 airfoils. 
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Fig. 25 Measured drag polars for tbe S6074/6 airfoils. 
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series was to examine the effects of a change in the pitching moment, which was 
specified using the inverse capabilities of PROFOIL. In comparing the velocity 
distributions shown in Fig. 24 with those in Fig. 27 it is seen that this current series 
has a more concave velocity distribution on the forward upper surface, and this 
difference is reflected in the shapes of the S6074/6 vs S6077/9 shown in Fig. 28. 
As seen in Fig. 29, this change in the velocity distribution is enough to eliminate 
the staiJ hysteresis. Finally, the performance is shown in Fig. 30. One feature of 
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Fi . 26 Measured lift curves for the 8607416 airfoils. 
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using a more concave distribution is that the a* -<P curve (not shown) becomes 
more shallow. As a result, the laminar-separation bubble drag is reduced at the 
upper comer of the low-drag range, yielding lower drag than the S6074/6 but also 
lower maximum lift as a tradeoff. 

IV. Summary and Conclusions 

In this chapter, three series of airfoils were designed to illustrate the power of 
modem computational tools for low Reynolds number airfoil design and analysis. 
Emphasis was placed on the design of the airfoils based on boundary -layer consid
erations. More specifically, the parameterization of the design problem centered 
around prescribing desirable boundary-layer features directly through an inverse 
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Fig. 28 S6074/6/7/9 airfoils with the thickness magnified to show the small differences. 
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Fig. 29 Measured lift curves for the S6077/9 airfoils .• 

method. Formulating the design problem in this way offers the designer consider
ably more power than one would otherwise have using more traditional methods 
of inverse design (based on a single-point velocity distribution) and design by geo
metric perturbation. The design approach and philosophy can be used successfully 
to assess design tradeoffs with a high degree of control. Finally, wind-tunnel testing 
of low Reynolds number airfoils is, however, stiJl needed to provide engineers with 
a necessary level of confidence required to malce important engineering decisions. 
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